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"stupid" .. 1 1 1 1 1 1 6 
"shout" 1 1 1 1 1 1 6 
"saw" 1 1 1 2 1 1 7 
"smell" 2 1 1 2 1 1 8 
"yes" 1 1 1 3 1 1 8 
"yellow" 3 1 1 2 1 1 9 
"brush teeth" 4 1 1 1 1 1 9 
"keyll 4 1 1 1 1 1 9 
"huut<1I 4 1 1 2 1 1 10 
"snake" 3 1 1 3 1 1 10 
"like" 2 1 1 2 4 1 ~ 
"Z" 1 1 1 1 4 4 12 
"weird" 2 1 ·1 4 4 1 13 
"i::II::roplane taking off 3 4 4 1 1 1 14 
"su blild ri i Jell 2 4 4 2 1 4 17 
"good morning" 2 3 4 3 4 1 17 
"sta rfish II 2 3 4 3 1 4 17 
"bridqell 3 4 4 3 1 4 19 
"bad luck" 3 4 4 4 4 1 20 
"non-re~1 t::)t:national 2 2 4 4 4 4 20 
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Figure 1.2. "shout" Figure 1.3. "saw" 
Figure 1.4. "smell" Figure 1.5. "yes" Figure 1.6. "yellow" Figure 1.7. "brush teeth" 
Figure 1.8. "key" Figure 1.9. "hook" Figure 1.10. "snake" 
Figure 1.11. "like" Figure 1.12. "Z" Figure 1.13. "weird" 
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Figure 1.14. "airplane taking off" Figure 1.15. "submarine" 
Figure 1.16 "Good morning" Figure 1.17. "star fish" 
Figure 1.18. "bridge" Figure 1.19. "bad luck" 
Figure 1.20. "non-representational" 
Figure 1: Photographs illustrating the movement tasks used during the objective VICON 
Motion Analysis of developmental limb apraxia 
b 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
al as 
was 
a a 
an 
occurrence 
al 
A 
a 
28 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
A 
as 
• 
• 
as it assesses 
is 
error 
in 
was 
as: 
29 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
seem in 
an 
in 
in 
use 
or 
as an 
is 
or 
30 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
as 
errors on 
was 
in 
on 
assess area. 
was 
as as a 
a 
31 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
can 
moves 
is no 
is 
~\ II 
2 3 4 5 
/1\ \/\/ 
6 7 8 9 10 
2: The ten stick IE'!lTlnll'llvlI'!li in the match and rotation conditions and 
1I't.'a, ........... 1970 in 
• 
is a rnne," .. , is 7 
is 
of 
a a 
32 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
it 
in 
.8 
is a 
in 
as 
are 
are 
as is 
a 
II is a 
a 
are 
are 
33 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in sense 
in 
as 
so as 
are 
in ~eC[lon 1. 
assess area. 
a 
are 
as 
assess 
non-
as is .... , ......... ;~ ...... ,... in 
34 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
was 
were 
were rocron 
a 
a 
were as 
were 
were on 
were 
in 
camera. 
35 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
were ensure 
. were in 
was 
was ensure 
were as 
was manner 
It 
a 
36 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
assess 
c:rn,r'l:In as a nl:l,"rl:lnt::lo 
was ... or·", ... ,1orl in C:I:II~nrlnc: across 
were 
• 
• 
• 
as 
a 
was 
was 
were 1"1 1"'011 1:Ir'/"1\ 1<:> 
was , ...................... on 
was 
were 
37 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
are in 
/ ;f'.#"'~ 
CRITERIA 
.1 Unfamiliar 
12 Proximal 
3 Distal 
4 Representational 
5 Non-representatonal 
6 Complex 
7 Sign 
8 Gesture 
119 
!10 Transitive 
11 Intransitive 
in 
~ 
" 
" I" 
" " " 
" " " 
x x x 
" " 
x I" 
" " 
X X 
" " 
x x 
" " 
X X 
" " x Ix x x x x 
" " " " " " x x 
" " x 
x 
x x x Ix x x 
x x xx x x 
! 
" " " " "" 
it is seen 
it is 
I 
x x 
" " " " 
x " 
" " 
x x 
" " " " " " 
" " " 
x x 
" 
x x x x 
" 
x 
x x x 
" " " 
" " " " " " 
" " 
x 
" 
x x 
x x x x x x 
x x x 
" 
x x 
" " " x " " 
I 
" " " " " " " I" 
x" 
" " " " " " 
" " " J" " " " " x 
" 
x x 
" 
x x X 
" 
x 
" " x . " " I" 
" " " " " " " " 
" " " " " " " 
x 
x x xx x x x x 
x x x x x x 
x " 
x x x x x x· x x / " I" 
" " " " " " 
is n .. '''.,.., ..... r 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in 
is 
in 
are now UI.:>' .......... :>.:" .. ,...., in 
versus 
are 
are 
I'nrl'Crl\l on as 
as on were 
as areas assess 
39 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
A 
use 
is 
move 
only 
to use an 
it 
An a 
If 
in 
in 
as 
40 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in over 
was 
in 
np"i,,,nt:.ti/'\n were 
, .... , .......... ' ... as 
411 
is arms in 
same 
a 
, 41 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
as a 
measure 
in 
versus 
a 
non-
rn '"I TI"I"\ I are 
in 
vvere in 
arms 
even if 
vvas 
are 
vvere ",A\ ......... "' ... 
in 
in 
as nl"""\II nl vvere ern,I""''' as on 
42 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in 
versus 'IWI~;::n .. u 
as 
in 
or a 
a 
can one or 
1-.. .""..,.,..1-"' ........... of 
6 cameras. are 
an 
43 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in are aelDICIcea 
in 3. 
was in 
• were 
• 
• 
• 
• A 
• 
• 
• were 
• 
• was 
coclles it 
is 
44 
University of Cape Town
6XCCO 
VIDEO 
CAMERAS 
PENTIUM II 
PROCESSOR 
64 MBYTES 
RAM 
X 600SIIGA 
GRAPHICS 
ACcaARATOR 
COLOUR 
MONITOR 
500 MBYTE HARD 
DISK AND 3.5" 
FLOPPVDISC 
HIGH CAPAcrrY 
BACK-UP 
DEVICE 
CAUBRATE CAMERA . SUBJECT FITTED WITH 
RETRO- REFlEXIVE 
ADMINISTER ASSESSMENT 
RECORD SUBJECT PERfORMANCE 
CALCULATION OF EL 
VELOCITY 
PlOT Ii DISPlAY GRAPH OF RESULTANT 
TRAJEC1URY OF B.J!OW !'OSmON III 3D space 
VIeON Motion 
HIGH-SPEECH NETWORK INTERFACE 
CARD WITH NT /95 DRIVE 
SUBJECT POSmONED IN fRONT 0 
CAMERAS 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
Figure 4: A photograph illustrating the camera set-up used in the VICON Motion Analysis System 
Figure 5: A photograph illustrating the placement of the reflective markers 
A deaf native signer administered this test. The examiner instructed the subjects to 
imitate the movement patterns conducted by her. The entire sequence of the movement 
patterns was repeated three times to obtain measures of movement variability (Poizner et 
ai, 1990). The subjects' responses were captured and later analysed. The details of the 
administration of the test battery for the VICON 370 Motion Analysis System procedure are 
as follows: 
• Instructions to the subjects: "All you have to do is copy exactly what I do!" 
• Practice Item: "Hold up hand as in a 'Stop'- like gesture" 
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As mentioned previously in the methodology section, meaningless movement sequences, 
signs and gestures were employed in this study. The graphs obtained from the VICON 
Motion Analysis System are displayed in these three "categories" for each experimental 
subject. Specific examples have been selected to allow a sign/gesture, a transitive and 
intransitive gesture, a sign and a non-representational movement to be illustrated. 
3.3.1. GRAPHS ILLUSTRATING THE RESULTS FROM THE MEANINGLESS 
MOVEMENTSEOUENCE 
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Figure 6 Graphs illustrating the movement trajectory of the movement ftnon-rep" of ES1 and CS1. 
As is noted from the above-mentioned graphs, all movement trajectories were measured 
using x, y and z co-ordinates. This is important in determining movement in space, i.e. in 
the third dimension. Hence, all movements were captured by methods explained in the 
methodology of this section. In order to represent the movement trajectories of all 
subjects in two-dimensions, x- and y-axes have been plotted. The x-axis represents the 
percentage cycle so as to allow a standard of comparison across graphs in that all 
movement trajectories are interpreted according to one movement cycle. Furthermore, 
percentage cycle includes the temporal component of the movement trajectory. The y-
axis in the first graph represents "degrees" i.e. how the elbow joint angle (angles are 
measured in units of degrees) increases or decreases. In the second and third graphs, the 
y-axis is represented by "displacement". Displacement is defined as distance in a 
particular direction. In addition, both the percentage cycle and displacement were 
calculated in the third-dimension i.e. measuring x, y and z co-ordinates in space, hence the 
graphs (both the x- and y-axes) of the resultant trajectories have captured the spatio-
temporal characteristics of the subjects' movement trajectories. 
As is seen in Figure 6 "elbow jOint angle", CS 1 displays more of an angle change than 
does ES 1. This movement requires a marked change in the elbow joint angle value for 
the movement to be carried out correctly. Conversely, in graphs displaying the resultant 
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trajectories of elbow joint centre and wrist joint centre, ES 1 shows less of a spatio-
temporal change compared to CS 1. 
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Figure 7 Graphs illustrating the movement trajectory of the movement "non-rep" for ES2 and CS2. 
As is seen in Figure 7, ES 2 appears to present with a deficient joint co-ordination, as can 
be observed by a sharp change in elbow joint angle value versus the smoother transition 
in elbow joint angle values of CS 2. In the graphs representing the resultant trajectories 
of elbow position and wrist joint centre, ES 2's movement trajectories do not appear to be 
as smooth of the movement trajectories of CS 2. This may be suggestive of disrupted 
spatio-temporal aspects for this particular movement. 
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Figure 8 Graphs illustrating the movement trajectory of the movement "non-rep" for ES3 and CS3. 
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Figure 9 Graphs illustrating the movement trajectory of the movement "non-rep" for ES4 and CS4. 
As is seen in Figures 8 and 9, the experimental subjects present with abnormal kinematics 
and spatial parapraxias in carrying out the non-representational movement sequence. 
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This is particularly evident in the sharp changes in elbow joint angle values seen in ES 3 
and ES 4. In addition, the jerkiness noted in the experimental subjects' of ES 3 and ES 4 
graphs compared to the smoother graph of the matched control subjects is indicative of 
disruptive spatio-temporal components measured by the displacement y-values and the 
percentage cycle x-axis of the resultant trajectories for elbow position and wrist joint 
centre. An apparent defective movement of a meaningless movement sequence would be 
indicative that developmental limb apraxia could be attributed to a movement disorder 
rather than a symbolic disturbance. This finding is in agreement with Hermsdbrfer et al 
(1996) who postulated that the presence of kinematic abnormalities is indicative of a 
motor programming difficulty. 
3.3.2. GRAPHS ILLUSTRATING THE RESULTS OF VARIOUS SIGNS 
As mentioned earlier, signs were incorporated into the objective assessment of the VICON 
Motion Analysis System. Only examples of the signs illustrating marked differences 
between the experimental subjects and the matched controls have been included in this 
section. The remainder of the graphs illustrating the signs employed in this study can be 
viewed in Appendix III. 
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Figure 10 Graphs illustrating the movement trajectory of the sign ~good morning" of ES1 and CSl. 
As can be seen from Figure la, the experimental subject presented with abnormal 
kinematics, spatial kinematics and spatio-temporal abnormalities. It is clear that the 
experimental subject failed to execute the change necessitated to conduct the sign. The 
matched control subject's results indicate this change by the notch in the graph. 
Researchers such as Poizner et al (1992) and Clark et al (1994) have documented that 
deficient elbow jOint angles and spatio-temporaI characteristics as indicated by ES l's lack 
of variation in displacement, might be characteristic of apraxia. 
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Figure 11 Graphs illustrating the movement trajectory of the sign naeroplane taking off" for ES2 and CS2. 
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Figure 12 Graphs illustrating the movement trajectory of the sign "submarine" for ES3 and CS3. 
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Figure 13 Graphs illustrating the movement trajectory of the sign "bad luck" for ES4 and CS4. 
Similarly, as is seen in Figures 11, 12 and 13, ES 2, ES 3 and ES 4, present with abnormal 
kinematics, spatial kinematics and spatio-temporal abnormalities, in that they do not 
execute an accurate change in movement to correctly carry out the signs. 
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3.3.3. GRAPHS ILLUSTRATING THE RESULTS OF THE VARIOUS 
GESTURES 
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Figure 14 Graphs illustrating the movement trajectory of the gesture nsawn for ES 1 and CS 1 
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Figure 15 Graphs illustrating the movement trajectory of the gesture nkeyn for the ES2 and CS2. 
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Figure 16 Graphs illustrating the movement trajectory of the gesture nkeyn for ES3 and CS3. 
Figures 14/ 15 and 16/ clearly illustrate that the experimental subjects present with 
abnormal kinematics and spatial parapraxias noted in impaired spatio-temporaI aspects of 
the movement patterns for the gestures of "saw" and "kel'. The jerkiness of movement 
in the experimental subjects suggests the presence of a developmental limb apraxia. The 
findings of this research are in support of Rothi and Heilman (1997) who have documented 
that in addition to making spatial orientation errors/ the spatial trajectory of an apraxic's 
limb when producing a pantomime i.e. a gesture/ is often inaccurate. This error in spatial 
path may be related to incorrect joint use or poor joint co-ordination as is noted in the 
56 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
sharp changes in elbow joint angle values noted in the experimental subjects compared to 
that of their controls. 
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Figure 17 Graphs illustrating the movement trajectory of the gesture nbrush teeth" for ES4 and CS4. 
In Figure 17 above, the elbow joint angle graphs illustrate jerkiness displayed by the 
experimental subject. This highlights a deficient joint co-ordination as well as disruptive 
spatio-temporal components in the resultant trajectory of elbow position in the second 
graph. Although a "jerky" movement is illustrated in the resultant trajectory of the wrist 
joint centre both by the experimental subject and the matched control, this is considered 
normal due to the nature of the wrist movement during this particular movement. 
However, CS 4's wrist appears to be more controlled relative to ES 4 as the notches are 
not as prominent. 
In the methodology, it was hypothesised that gestured pictures could be objectively 
evaluated. However, this has proven not to be the case. The gestured picture of "axe" 
was analysed using the objective methods of the VICON Motion Analysis System. It was 
found that the experimental and control subjects performed the same movement 
differently. Observations of the video-recordings, revealed both groups of subjects as 
having executed the correct and accurate movement. In addition, the VICON Motion 
Analysis System yielded skewed results in that no kinematic movements were recorded but 
only two very varied movements. For this reason, the gestured pictures were not analysed 
further. For the readers' interest, the few examples from the results of the gestured 
picture of "axe" have been included in Appendix IV. 
Overall, the experimental subjects' performance was shown to include defective movement 
patterns (i.e. kinematic abnormalities) together with the presenting evidence of spatio-
temporal parapraxias for the signs and gestures as well as the meaningless movement 
57 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
al al 
A ..... olntir\ .... a 
cause 
error. 
assesses was crnl"QI'I a 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
Table 3.6 Subjects' Performance on the Beery Visuo-Motor Integration Test 
SUBJECTS QUOTIENT COMMENTS 
ES 1 132 Above average 
ES 2 88 Below average 
ES 3 55 Very poor visual motor integration 
ES 4 87 Below Average 
CS 1 167 Superior 
CS 2 95 Slightly below average 
CS 3 64 Borderline - very poor visual motor 
integration 
CS 4 97 Average 
As can be seen from Table 3.6 above, three of the four experimental subjects present with 
difficulty in visual motor integration abilities as measured on the Beery Visuo-Motor 
Integration Test. Furthermore, two of the four control subjects also displayed difficulty 
with visual motor integration abilities. 
These findings may suggest a possible explanation for the presence of the deficit seen in 
the spatial components of the movement trajectories of the signs, gestures and movement 
patterns of the VICON Motion Analysis Battery. This issue will be discussed in greater 
depth in Section 4. 
Table 3.7 below displays the subjects' performance on the two-dimensional stick 
construction task. This version of the stick construction task includes a rotation condition 
as well as a standard copy condition. 
Table 3.7 Subjects' Performance on the Stick Construction Task 
As is noted by the subjects' performance displayed in Table 3.7 above, ES 3 performed 
poorly on both the standard and rotation copying conditions, while ES 4, CS 2 and CS 3 
performed poorly on the rotation copying condition. These results correlate with the poor 
performances noted by these subjects on the Beery Visuo-Motor Integration Test. The 
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weaker results displayed by ES 3, ES 4, CS 2 and CS 3 on the stick construction task may 
be indicative of a constructional apraxia difficulty. 
Table 3.8 below highlights the subjects' constructional ability in terms of two dimensional 
block design. 
Table 3.8 Subjects' Performance on the Block Design Sub-test 
TO:: Test Discontinued 
Table 3.9 Subjects' Performance on the Three-Dimensional Block Design Sub-
test 
Table 3.10 Subjects' Performance on the Two-Dimensional Form-board 
Completion 
As in noted from Tables 3.8, 3.9 and 3.10 above ES 3, ES 4, CS 3 and CS 4 performed 
poorly on the block design subtest, while ES 3, ES 4 and CS 3 performed poorly on the 
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three-dimensional block design sub-test. Furthermore, ES 2 and ES 3 performed poorly on 
the two-dimensional form-board completion task. ES 3's results display a weak overall 
performance on the block design sub-test, the three-dimensional block design sub-test and 
the two-dimensional form-board completion task, indicating a possible presence of 
constructional apraxia. 
3.5. SUMMARY OF THE PRAXIC FUNCTIONS OF THE SUBJECTS 
SUBJECTS 
ES 1 
ES 2 
ES 3 
ES 4 
CS 1 
CS 2 
CS 3 
CS4 
OA 
VA 
DLAM 
DLAS 
DLAG 
CA 
" ? 
• x 
Table 3.11 Subjects' Performances Across Tasks 
OA 
~ 
~ 
X 
X 
~ 
~ 
~ 
~ 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
VA DLAM 
? X 
? X 
? X 
? X 
? ~ 
? ~ 
? ~ 
., ~ 
Oral Apraxia 
Verbal Apraxia 
DLAS 
X 
X 
X 
X 
~ 
~ 
~ 
~ 
DLAG Visuo-
motor 
integration 
X ~ 
X X 
X X 
X X 
~ ~ 
~ X 
~ X 
~ ~ 
Developmental Limb Apraxia - meaningless movement 
Developmental Limb Apraxia - signs 
Developmental Limb Apraxia - gestures 
Constructional Apraxia 
No disorder present 
CA 
~ 
., 
X 
• ~ 
~ 
• 
~ 
Unable to conclusively assess the presence of the disorder 
Strong indication that disorder may be present 
Disorder present 
As can be seen from Table 3.11 above, all the experimental subjects present with 
developmental limb apraxia. Furthermore, ES 3 and ES 4 appear to present with disorders 
in all areas assessed in this study. The assessment of verbal apraxia was found to be 
unreliable due to the effects on speech, as discussed earlier. ES 1 does not appear to 
present with an oral apraxia, but does appear to present with a developmental limb 
apraxia i.e. marked abnormal kinematiCS, deficient elbow joint angles, spatial parapraxias 
61 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
as 
It is orcloo:sea 
errors 
in 3 
across 
errors as 
across 
are 
len ...... ",:, .. as seen in 
a 
a 
an 
a 
3 
on 
seen 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
a 
is are 
were as 
as is r .... , ...... -\"o,,\" 
in 
a 
can 
is in as 
al a as 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
are 
a 
a 
case 
in al 
al 
in 
error. 
It is prOI)OS~~a are a 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
across· 
l'\!:lIt"l"O''\1 as rnl"l,el'"r, ,rr,nn::::01 
across 
errors on a 
as as in a 
as 
were rnrlClrl",r&>n 
.. ol'"lorr an 
a ne(:eS~ia 
as 
as 
in 
errors in a 
as 
in 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
as 
errors were ", .. ""eel .. ,,. in 
It is 
as is 
is no 
on 
in 
or 
r",,,,,. .. .::> as as 
a 
is 
as 
A ,.. .. ,T.,.."'. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
was ::11'1."11"0<::<::""'" a or 
'""',",1\,''''''''' in as~;essl 
on 
,M".c.I"Q'''Irc.c in 
use 
a 
were 
a 
use as 
as 
in are 
on as 
as 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
enoorn are seen in 
is cor'nn,i:::. 
a 
was aS~iOCllate!d 
in 
n\lf\nTl"lO::>CIC is in ( 
are neE:!ce!C 
in 
or an 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
was 
new 
a 
a 
measures were 
errors even 
on 
as it 
measure was 
measures 
as 
are 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
is a in 
in 
and 
are 
on 
on 
in 
is is in 
or 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
was in as 
is 
a or in 
errors 
area or 
at 
roc:es~:;es are 
...... c.rYl' .. nr is 
in 
a 
is in 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
are 
overcome 
or 
in occur 
in 
case 
as 
co-occu rrence 
roc,onr'o or 
co-occur in 
as 
errors 
one 
an 
assume 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in 
p. 
as 
can occur 
co-occurrence 
a co-occurrence 
were 
as was rlUlCal:eu in 
as is seen in 
was 
as a 
some 
in 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
5 
a 
It 
in 
the 
rac,a=",,.,...h in 
a 
to rlat"a,.ry" use 
as 
a 
seen 
in 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
in as 
as versus 
in 
a co-occurrence 
in 
It is in 
is as 
in 
across a 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
co-occu rrences 
co-occurrences 
in 
areas 
is a 
a were 
in two 
co-occurrences 
as as is 
in 
aware 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
It is 
an 
as a 
is 
ensure 
It is 
is 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
E47 Old Main 
I 
of Health Sciences 
. Groote Schuur 7925 
Telephone: 3 
Fax: 448-81 57 
email: STUOMI@UCTGSH1.UCT.AC.ZA 
Head: Assoc. Prof. S K Tuomi 
CITY 
Thank you for the time taken to listen to my u,.;:o' ... U.;:o.;:o'VI rl"",,,,ln,nm,,,,nt·:::.1 limb and for 
:::.nlcp,p,inn to assist me with my research. 
characteristics that the children should possess 
find below a list of the 
(1<>(1n", .. of the child is not 
1. Between the ages of 5 - 12 years. 
2. Severe to loss > 70 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
deafness. 
No evidence of neuromuscular weakness. 
handed. 
which can be identified 
:::.nr'l<>:::'11"C somewhat rlitl~"'r,"'nt 
small movements such' as the or the wrist are not 
as accurate as the other children's in the class. 
• The movement of the in relation to each other is not co-
• The entire of the movement is not as smooth as the other children's i.e. the 
movement appears very to 
• The final hand after the cornplletecj, as that 
of others. 
If there are any children that you feel are <:nrn ..... 'n of limb ",n .. ",v;,," 
a list of their names and I will be in tjOll,,,,nt\nnlir contact with the school. 
Thank you for your kind assistance in this matter. It is much aPIJrecialted 
Yours c:in,r",r'jOIlv 
ANGELA KINSELLA DR DALE OGILVY 
. . to an outstanding leaching and research university, 
educatmg for life and addressing IIle challenges facing our SOCiety:' 
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PRnXIMAI 
TASK To Picture I'IiU 11::) 
3 2 1 0 
1. Axe. 
2. Tennis Racquet. 
3. Paint Brush. 
4. Spoon. 
5. Knife. 
Total 
DISTAL 
TASK • To Picture NOTES 
3 2 1 0 
1. Peg. 
2. Pen, 
3 .... -,. 
'rs. 
4. Key. 
5. Gun. 
Total 
1 0 
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APPENDIX III 
REMAINING GRAPHS ILLUSTRATING THE VICON MOTION ANALYSIS SYSTEM'S 
RESULTS OF THE SIGNS AND/OR GESTURES 
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Figure 18 Graphs illustrating the movement trajectory of the sign "stupid" for ES 1 and CS 1 
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Figure 19 Graphs illustrating the movement trajectory of the sign "aeroplane taking off" for ES 1 and CS 1 
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Figure 20 Graphs illustrating the movement trajectory of the sign "shout" for ES1 and CS1. 
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Figure21 Graphs illustrating the movement trajectory of the sign "smell" for ES1 and CS1 
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Figure 22 Graphs illustrating the movement trajectory of the sign "yellow" for ES1 and CS1 
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Figure 23 Graphs illustrating the movement trajectory of the gesture ubrush teeth" for ESl and CSl. 
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Figure 24 Graphs illustrating the movement trajectory of the gesture Ukey" for ES1 and CSl. 
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Figure 25 Graph illustrating the movement trajectory of the sign ~hookn for ES 1 and CS 1 
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Figure 26 Graphs illustrating the movement trajectory of the sign ftsnake" for ES1 and CS1. 
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Figure 27 Graphs illustrating the movement trajectory of the sign ftsubmarine" for ES1 and CS1. 
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Figure 28 Graphs illustrating the movement trajectory of the sign ftlike" for ES1 and CS1. 
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Figure 29 Graphs illustrating the movement trajectory of the sign "z" for ES1 and CS1. 
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Figure 30 Graphs illustrating the movement trajectory of the sign "weird" of ES1 and CS1. 
160 
1'10 
120 
~ 100 
l ~ 
'10 
20 
o 
,. 
, 
Elbow Joint Angle 
........... 
20 '10 60 
% Cyde 
..... " 
-......., 
...... 
, 
80 100 
--Control --Experimental 
Resultant Trajectory of 8bow Position 
20 '10 60 80 100 
% Cycle 
Control --,Experimental I 
Figure 31 Graphs illustrating the movement trajectory of the sign ftstarfish" of ES1 and CS1. 
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Figure 32 Graphs illustrating the movement trajectory of the sign nbridge" of ES1 and CS1. 
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Figure 33 Graphs illustrating the movement trajectory of the sign ftbad luck" of ES1 and CS1. 
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Figure 34 Graphs illustrating the movement trajectory of the sign Ustupid" for ES2 and CS2. 
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Figure 35 Graphs illustrating the movement of trajectory of the sign ~shout" for ES2 and CS2. 
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Figure 36 Graphs illustrating the movement trajectory of the gesture "saw" for ES2 and CS2. 
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Figure 37 Graphs illustrating the movement of the sign ~5mell" for ES2 and CS2. 
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Figure 38 Graphs illustrating the movement trajectory of the sign "'yes" for ES2 and CS2, 
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Figure 39 Graphs illustrating the movement trajectory of the sign "yellow" for ES2 and CS2. 
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Figure 40 Graphs illustrating the movement trajectory of the gesture "brush teeth" for ES2 and CS2. 
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Figure 41 Graphs illustrating the movement trajectory of the sign "hook" for the ES2 and CS2. 
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Figure 42 Graphs illustrating the movement trajectory of the sign "snake" for ES2 and CS2. 
Resultant Tra}ectory of Elbow Position Resultant Trajectory of Wrist Joint Centre 
J~~~ ~ ~ 
20 '10 60 80 100 
... Cycle OM Cyde 
j--CAoIroi --- Experim<n .. ' ] I--Conlrol --~ 1--CAotroi --openmen"" I 
Figure 43 Graphs illustrating the movement trajectory of the sign "like" for ES2 lind CS2. 
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Figure 44 Graphs illustrating the movement trajectory of the sign "weird" for ES2 and CS2. 
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Figure 45 Graphs illustrating the movement trajectory of the sign "z" for ES2 and CS2. 
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Figure 46 Graphs illustrating the movement trajectory of the sign "submarine" for ES2 and CS2. 
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Figure 47 Graphs illustrating the movement trajectory of the sign "good morning" for ES2 and CS2. 
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Figure 48 Graphs illustrating the movement trajectory of the sign "starfISh" for ES2 and CS2. 
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Figure 49 Graphs illustrating the movement trajectory of the sign ftbridge" for ES2 and CS2. 
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Figure 50 Graphs illustrating the movement trajectory of the sign ftbad luck" for ES2 and CS2. 
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Figure 51 Graphs illustrating the movement trajectory of the sign ftstupid" for ESl and CSl. 
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Figure 52 Graphs illustrating the movement trajectory of the sign ftshout" for ESl and CSl. 
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Figure 53 Graphs illustrating the movement trajectory of the gesture ftsaw" for ES3 and CS3. 
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Figure 54 Graphs illustrating the movement trajectory of the sign ftsmell" for ES3 and CS3. 
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Figure 55 Graphs illustrating the movement trajectory of the sign "yes" for ES3 and CS3. 
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Figure 56 Graphs illustrating the movement trajectory of the gesture ftbrush teeth" for ES3 and CS3. 
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Figure 51 Graphs illustrating the movement trajectory of the sign "hook" for ES3 and CS3. 
Elbow bnt Angle 
20 40 60 60 100 
% Cyde 
Con"'" --~me.ntal I 
Resultant Trajectory of Elbow Position 
J~f ::. j 
60 00 100 
o~ Cyde 
Control --bperimentll ! 
Resuhant Trajectory of Wrist Joint Centre 
~ 500 +--' -----__ ---,.-...... _600~ ~ ~ ,~~ ~ f., t. I I~?? ===-= 
20 60 00 100 
% Cycle 
!--Control - - Experimentll ! 
Figure 58 Graphs illustrating the movement trajectory of the sign "snake" for ES3 and CS3. 
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Figure 59 Graphs illustrating the movement trajectory of the sign "like" for ES3 and CS3. 
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Figure 60 Graphs illustrating the movement trajectory of the sign "z" for ES3 and CS3. 
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Figure 61 Graphs illustrating the movement trajectory of the sign "weird" for ES3 and CS3. 
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Figure 62 Graphs iIIustriliting the movement trajectory of the sign ftaeroplane taking off" for ES3 and CS3. 
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Figure 63 Graphs illustrating the movement trajectory of the sign "good morning" for ES3 and CS3. 
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Figure 64 Graphs illustrating the movement trajectory of the sign ftstarfish" for ES3 and CS3. 
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Figure 65 Graphs illustrating the movement trajectory of the sign "bridge" for ES3 and CS3. 
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Figure 66 Graphs illustrating the movement trajectory of the sign "bad luck" for ES3 and CS3. 
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Figure 67 Graphs illustrating the movement trajectory of the sign "stupid'" for ES4 and CS4. 
Elbow Joint Angle 
./ 
" / / 
" , \ \ 
If \\ 
\JL. 
20 60 80 100 
% C,de 
I --Control --Experi~ 
SOO 
Eq<XJ 
S 
;olOO 
~ £200 
~1OO 
o 
Resultant Trajectory of 8bow Position 
~ ~ ~ 
o 20 60 80 100 
% Cyde 
r==Control --Experi......,,,,, I 
Resulard Tra~ory 01 Wrtst Joint Ceoo-e 
SOD ,,---------..., 
I 400 +---------1 
1i 300 ""'":------~---.;p=_t 
E 
:: 200 t-~Io;;;;=;:;==="4_~__1 ~ 
o loo+-~~~ .. ~~------~ 
40 60 80 100 
% Cycle 
I--como! --Exporimenlal , 
Figure 68 Graphs illustrating the movement trajectory of the sign "shoutW for ES4 and CS4. 
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Figure 69 Graphs illustrating the movement trajectory of the sign "smell" for ES4 and CS4. 
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Figure 70 Graphs illustrating the movement trajectory of the sign "yellow" for ES4 and CS4. 
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Figure 71 Graphs illustrating the movement trajectory of the gesture "key" for ES4 and CS4. 
Elbow Join, Mgle 
~ 
"" '" / / V ' '\ 
I ,\ \ 
' f 
'"'" 
1 ~ 
E'IOO 
5 
,,300 
Resultant Trajectory of Elbow Position 
~ 
Resultant Trajectory of Wrist Joint Centn: 
600 -,-.-----------...., 
E 500 -1-------:-------/ 
~ 400 +------------1 
~ m -\;::------~--""lI!!;;;;=""l 
" 
~ 
~2OO 
-a ~ ~ ~ 200 """"""""-----==rF-~---i llOO '--"'===--"",~r--i 
o 
\. 6 100 ~ 
, , ~ 
20 40 60 eo 100 20 40 60 eo 100 20 40 60 80 100 
% Cycle % Cyde %Cyde 
I--Control --Experirren,,' I I--Cootrol --Exporimenlal I j--Cootrol - - Expelimenla' I 
Figure 72 Graphs illustrating the movement trajectory of the sign "snake" for ES4 and CS4. 
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Figure 73 Graphs illustrating the movement trajectory of the sign "like" for ES4 and CS4. 
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Figure 74 Graphs illustrating the movement trajectory of the sign R Z" for ES4 and CS4. 
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Figure 75 Graphs illustrating the movement trajectory of the sign "weird" for ES4 and CS4. 
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Figure 76 Graphs illustrating the movement trajectory of the sign Raeroplane taking off" for ES4 and CS4. 
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Figure 77 Graphs illustrating the movement trajectory of the sign "good morning" for ES4 and CS4. 
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Figure 78 Graphs illustrating the movement trajectory of the sign "starfish" for ES4 and CS4. 
160 
140 
120 
, 
Elbow Joint Angle 
'" ,-
'\. , 
20 40 60 00 100 
'" Cyde 
I--Control --Experirrenlal I 
SOO 
o 
ResollOnt Trajec1c<y of Elbow Pos;tion 
~ ~ 
.~ 
o 40 60 00 100 
% Cycle 
Control Experimental I 
Resultant TrajeclOry of Wrist .JoInt Cenlre: 
600 
e SOO 
~400 
bXl 
8 i200 
(5 100 
If\. 
"-
-........ 
-20 40 60 
% Cycle 
Control 
.1 
80 100 
Ex"";men .. 1 I 
Figure 79 Graphs illustrating the movement trajectory of the sign "bridgen for ES4 and CS4. 
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APPENDIX IV 
GRAPHS ILLUSTRATING THE VICON MOTION ANALYSIS SYSTEM'S RESULTS 
OF THE "GESTURED PICTURES" TASK 
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Figure 80 Graphs illustrating the movement trajectory ~axe" for ES2 and CS2. 
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Figure 81 Graphs illustrating the movement trajectory ~axe" for ES3 and CS3. 
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Figure 82 Graphs illustrating the movement trajectory ~axen for ES 4 and CS 4 
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